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WINDING PATTERN 

Cross Reference to Related Application 

This application is a continuation of copending International 
Application No. PCT/DE02/01922 filed May 24, 2002, claiming a priority date of 
June 6, 2001, which designates the United States. 

Technical Field of the Invention 

The invention relates to a winding. 

Background of the Invention 

Current-carrying windings are used to generate magnetic fields. In 
particular, they can be used for electromagnetic energy conversion. For example, 
electric energy can be converted to mechanical energy by means of a winding 
(electromotive principle). If the winding is employed in a transformer, the winding 
serves to convert electric energy into electric energy. 

The amount of electromagnetically converted power is governed by the 
product of the voltage across the winding and the current flowing through the winding. 
For motor operation, the voltage and current are generally subject to certain 
constraints. For example, the voltage of an integral starter/generator must not exceed 
the vehicle electrical system voltage of e.g. 42 volts. 

The ratio of voltage to current can be varied by means of the voltage- 
holding turns count of the winding. This enables the operating range of the voltage and 
current to be adapted to suit requirements with the electromagnetically converted 
power remaining unchanged. It is therefore desirable to be able to finely adjust the 
voltage-holding turns count. 

In the case of a rotating field winding laid in slots, as frequently used in 
electric motors, the voltage-holding turns count of a phase of the winding is given by 
the following formula: 
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where p is the number of pole pairs of the winding, q the number of slots per pole per ' 
phase, zn the number of conductors per slot and a the number of parallel paths per 

5 phase of the winding. A phase is part of the winding and defined in that all its paths 
are connected in parallel and the same control voltage is applied to them. 

The parameters p, q, zj^ and a will be explained in the following with 
reference to two examples of the prior art. 

10 Figure la shows a cross-section through a motor stator with a first 

winding W according to the prior art. The stator S has twenty- four slots 1, 24. The 
winding W is implemented as a wave winding and consists of three phases each with a 
single path Wl, W2, W3. For this example, therefore, a=l. The path Wl of a first 
phase of the winding W is runs along eight of the slots 1, 4, 7, 10, 13, 16, 19, 22. At 

15 the outer sides of the stator S are located sections of the winding W, the so-called end 
connectors, which interconnect the sections of the winding W laid in the slots. 

Figure lb schematically illustrates the path Wl of the first phase of the 
winding W from Figure la. The vertical sections of the path Wl are laid in the slots, 
whereas the horizontal sections of the path Wl constitute the end connectors. A 
20 vertical and a horizontal section of the path Wl form a magnetic pole P. The winding 
W therefore has eight poles P and consequently four pole pairs. For this example, 
therefore, p=4. As each pole obviously only has one slot, we have q=l. Likewise 
obviously, only one conductor is disposed in each slot involved, so that zjsj= 1. The 

voltage-holding turns count of the first winding W is consequently 

25 
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Figure 2 shows a schematic view of a phase of a second winding 
according to the prior art. Each phase of the second winding has a single path Wl\ so 
that a=L The path W1 N is wound twice around the circumference of the stator. The 
path Wl x therefore has two sub-sections Tl, T2 each winding the stator once as a 
5 wave winding. In addition, the second winding has four poles and therefore two pole 
pairs, each pole being assigned two slots, i.e. each pole is formed by two slot coils. 
Thus the first pole is assigned the slots 1 and 2. Consequently q=2. As in the first 
example, zn=1. The voltage-holding turns count of the second winding is therefore 



The number of pole pairs and the number of slots per pole per phase are 
determined according to the application or limited by external constraints. Thus, for 
example, in the case of the starter/generator, the mounting space generally requires a 

15 high pole pair count. In the case of asynchronous machines, for example, a value of at 
least q=3 is selected where possible for the number of slots per pole per phase in order 
to minimize the harmonic field scattering and thereby improve operating performance. 
Nor can the number of parallel paths be randomly selected in order to obtain a 
required voltage-holding turns count. As explained e.g. in "Asynchronmaschinen" 

20 (Asynchronous Machines), H. Jordan et al y pp. 105-106, the number of poles 2p must 
be an integral multiple of the number of paths, as the paths each wind different sub- 
areas of the magnetic circuit and these sub-areas must be of equal length (cf. also 
"Lehrbuch der Wicklungen elektrischer Maschinen" (Manual of Electric Machine 
Windings), R. Richter, pp. 105- 106). Moreover, it is generally disadvantageous to 

25 provide more than one path, as lossy circulating currents between the paths are 
produced in the event of asymmetries in the motor (e.g. rotor eccentricities) if there 



HOU03:943506.2 



071308.0489 
2001P10340WOUS 



PATENT 



are a plurality of paths. If a risk of asymmetries exists, a single path is generally 
provided per phase, i.e. a=l. 

Essentially, therefore, the voltage-holding turns count must only be 
influenced by the number of conductors per slot. However, a change of only one in the 
5 number of conductors per slot means that the voltage-holding turns count is changed 

by a factor of E x q . Fine adjustment of the voltage-holding turns count and therefore 
a 

of the ratio of voltage to current by the winding cannot be achieved in this way. This 
applies particularly to cases in which the number of conductors per slot must be low 
because of the required relationship between voltage and current. 

10 Summary of the Invention 

The object of the invention is to specify a winding allowing fine 
adjustment of the voltage-holding turns count. 

This object is achieved by a winding having the following features: 

The winding has at least two poles. The winding additionally has at 
15 least one phase by which the poles are wound and at least two parallel paths. At least 
two of the paths differ from one another in the winding of at least one of the poles. At 
least one pole is wound by at least two paths. At least one of the paths is involved in 
the winding of at least 2 poles. The poles are wound by the paths so as to provide an 
essentially symmetrical electric loading of the phase. 

20 As at least one pole is differently wound by at least two of the paths, 

this enables the voltage-holding turns count to be finely adjusted, as will be illustrated 
below with reference to the embodiments. 

Despite the poles being wound differently, the magnetic field generated 
by the winding is symmetrical, i.e. identical for each pole apart from the polarity 
25 reversal, as the poles are wound by the paths so as to produce an essentially 

HOU03:943506.2 5 



071308.0489 
2001P10340WOUS 



PATENT 



symmetrical electric loading. The electric loading is the sum of the currents flowing 
through all the winding sections at a specific location. An essentially symmetrical 
electric loading means that the electric loading is essentially equal for all the poles 
apart from the change of sign. 

5 As at least one pole is wound by at least two paths, these paths jointly 

wind at least one sub-area of the magnetic circuit. Asymmetries (e.g. rotor 
eccentricities) affecting said sub-area have the same effect on both paths, so that no 
circulating currents between the paths result from said asymmetries. The more paths 
are simultaneously involved in winding of many poles as possible, the less any 
10 asymmetries will cause circulating currents between the paths. There is therefore no 
disadvantage in providing more than a single path per phase. 

As at least one pole is wound by at least two paths, it is impossible for 
the different winding to consist in each pole being assigned only one path by which 
the relevant pole is exclusively wound. 

15 As at least one of the paths is involved in winding at least two poles, it 

is impossible for the different winding to consist in each path being only involved in 
winding a single pole. 

For example, the windings assigned to the paths of at least one pole can 
differ from one another in respect of the numbers of turns. 

20 Thus one path can wind the pole with one or more turns less or more 

than another path. 

To reduce circulating currents between the paths it is advantageous if 
the turns counts of the paths for the pole are not markedly different from one another. 
The turns count difference is preferably 1 . 
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Particularly low circulating currents and a particularly symmetrical 
electric loading are achieved if the sum of the turns counts of all the paths is the same 
for each pole. This means that each pole is equally heavily wound by the winding. 
With a large number of poles, any deviation of the sum of the turns counts of all the 
5 paths for one or a small number of poles from the sums for the remaining poles has 
only a negligible effect on the circulating currents and the electric loading, so that it 
suffices if the sum of the turns counts of all the paths is only essentially the same for 
each pole. 

For example, at least one of the paths can wind at least one of the poles 
10 more lightly than the remaining poles. The number of turns with which a pole is less 
wound by a path than the remaining poles will hereinafter be referred to as the number 
of missing turns. 

A pole will therefore be more lightly wound by e.g. half a missing turn. 
The lighter winding of the pole by the path can extend to the pole not being wound at 
15 all by the path. 

The voltage-holding turns count of a winding with missing turns is 
generally less than the voltage-holding turns count of a corresponding winding without 
missing turns. The more paths have missing turns and the more missing turns the 
individual path has, the lower in general the voltage-holding turns count. 

20 The number of missing turns need not be identical for all the poles with 

missing turns. However, in order to achieve an electric loading that is as symmetrical 
as possible, it is advantageous if all the missing turns of the winding are distributed as 
evenly as possible over the poles. 

In order to avoid circulating currents, it is advantageous if the number 
25 of missing turns is essentially the same for each path. 
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For example, the winding can have the following features: the winding 
has 2 x p poles forming p pole pairs. The winding additionally has p paths. The poles 
are differently wound by the paths in that each path is less heavily involved in the 
winding of a pole pair than the remaining paths. 

5 Each pole pair is therefore assigned a path by which it is more lightly 

wound than by the remaining paths. Each path therefore winds one pole pair more 
lightly than the remaining paths. 

If pole pairs are more lightly wound by paths, this requires longer end 
connectors by means of which the relevant paths are routed past the thereby more 
10 lightly wound pole pairs. For the winding with the p pole pairs and p paths described 
above, all the extended end connectors are on the same slot end side, i.e. end face, 
which means that the winding is weighted and thickened on one side. 

A symmetrical distribution of the extended end connectors is achieved 
by the following winding: 

15 The winding has 2 x p poles and 2 x p paths. The poles are differently 

wound by the paths in that each path winds two adjacent poles more lightly than the 
remaining poles, each pole being more lightly wound by two paths than by the 
remaining paths and a pole adjacent to said pole being differently wound by^the two 
paths. 

20 For this winding, p of the two x p paths are identical to the p paths of 

the previous winding which has p paths. The remaining p paths constitute symmetrical 
mirror images, shifted by one pole with respect to the longitudinal winding axis, of the 

. p paths of the previous winding. 

Instead of winding at least one pole more lightly than the remaining 
25 poles, a path can wind at least one pole more heavily than the remaining poles. 
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The turns with which a pole is more heavily wound than the remaining 
poles will hereinafter be referred to as the additional turns. A pole will therefore be 
more heavily wound by e.g. half an additional turn. 

It is within the scope of the invention to provide a winding having both 
5 missing turns and additional turns. Even one and the same path can have both missing 
and additional turns. 

The voltage-holding turns count of a winding with additional turns is 
generally greater than the voltage-holding turns count of a corresponding winding 
without additional turns. The more paths have additional turns and the more additional 
10 turns a path has, the higher in general the voltage-holding turns count. 

The number of additional turns need not be the same for all the poles 
with additional turns. However, in order to achieve a electric loading that is as 
symmetrical as possible, it is advantageous if all the additional turns of the winding 
are distributed as evenly as possible over the poles. 

15 In order to avoid circulating currents, it is advantageous if the number 

of additional turns is essentially the same for each path. 

The winding can have, for example, the following features: 

The winding has two x p poles forming p pole pairs. The winding 
additionally has p paths. The poles are differently wound by the paths in that each path 
20 winds a pole pair more heavily than the remaining paths. 

Each pole pair is therefore assigned one path by which it is more 
heavily wound than by the remaining paths. Each path therefore winds one pole pair 
more heavily than the remaining paths. 
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In this example, all the end connectors additionally required by the 
heavier winding are on the same slot end side, i.e. end face, which means that the 
winding is weighted and thickened on one side. 

A symmetrical distribution of the extended end connectors is achieved 
5 by the following winding: 

The winding has 2 x p poles and 2 x p paths. The poles are differently 
wound by the paths in that each path winds two adjacent poles more heavily than the 
remaining poles, each pole being more heavily wound by two paths than by the 
remaining paths and a pole adjacent to said pole being differently wound by the two 
10 paths, p of the 2 x p paths are identical to the p paths of the previous winding with p 
paths. The remaining p paths constitute symmetrical mirror images, shifted by one 
pole with respect to the longitudinal winding axis, of the p paths of the previous 
winding. 

The poles can be formed by a plurality of slot coils. In this case it is 
15 possible for the path-assigned windings of at least one pole to differ from one another 
in respect of the turns counts of the slot coils of the pole. 

Circulating currents can be particularly effectively prevented in this 
case by making the turns counts of the paths the same for as many poles as possible. 
The turns counts of each path are preferably the same for all the poles. Missing or 
20 additional turns only occur in this case in the slot coils, but not when considering the 
overall winding of a pole. 

The number of missing turns of a path for a slot coil can be so high that 
the slot coil is omitted completely. 

It is not necessary for the number of missing or additional turns to be 
25 the same for all the slot coils with missing or additional turns. 
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The winding or a path can simultaneously have missing and additional 

turns. 

A particularly symmetrical electric loading can be achieved if the sum 
of the turns counts of all the paths is the same for each slot coil of the one or more 
5 poles. It is advantageous if this also applies to as many other poles as possible. 

Each path can have at least two sub-sections, each sub-section winding 
each pole with half a turn, and each sub-section involved to the extent of no more than 
half a turn in winding the same slot coil. 

The winding is therefore implemented as a wave winding, each sub- 
10 section of the winding likewise forming a wave winding. 

For example, the winding can have two parallel paths, each path having 
three sub-sections. Each pole can be formed by two slot coils. Each slot coil can be 
wound by two sub-sections of one of the paths and by one sub-section of another of 
the paths. 

15 As each slot coil is wound with a total of three half turns, and each pole 

is formed by two slot coils, each pole is wound by the winding with three turns and the 
sum of the turns counts of all the paths is equal to three halves for each slot coil. 

If the turns counts for each path are the same for each pole, one slot 
coil of each pole must be wound by both sub-sections of the first path and by one sub- 
20 section of the second path, whereas the other slot coil of each pole must be wound by 
both sub-sections of the second path and by one sub-section of the first path. 

To reduce circulating currents between the paths, it is advantageous if 
each path winds exactly as many left slot coils of poles as right slot coils of the poles. 
If the winding is implemented as a rotating field winding and the rotating field 
25 circulates from the left slot coil of a pole to the right slot coil of a pole, the voltage 
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induced in left slot coils always leads the voltage induced in the right slot coils. An 
uneven distribution of the turns of a path between the left slot coils and the right slot 
coils of the poles produces circulating currents between the paths. 

It is within the scope of the invention if the winding exhibits the 
5 following features: the winding has two paths. Each pole is formed by two slot coils. 
Each path winds only one slot coil of each pole. 

If the sub-sections wind slot coils with half a turn in each case, the 
paths are generally implemented as wave windings. 

The poles can be evenly disposed along a self-contained line. 

1 0 For example, the winding is a ring winding of a stator. 

The winding can have more than one phase, the phases being able to 
carry sinusoidally varying current and be driven phase-shifted with respect to one 
another, so that the winding can be used as a rotating field winding. It is possible to 
use a single-phase sinusoidal winding as a rotating field winding. 

15 However, the invention can be applied to every other possible type of 

winding, such as excitation windings of homopolar or synchronous machines or 
transformer windings with a plurality of iron cores per phase. 

Preferably the number of slots per pole per phase of the winding is a 
positive integer. In the case of a rotating field winding, this is an integral-slot winding. 
20 In comparison to a fractional-slot winding, i.e. a winding with a fractional number of 
slots per pole per phase, the air-gap field of a rotating field integral-slot winding 
generally has fewer harmonics. The result is generally an improved operating 
performance. 
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Brief Description of the Drawings 

Embodiments of the invention will now be explained with reference to 

the Figures. 

Figure 3 schematically illustrates a first winding with 4 paths, 8 poles and 24 
5 slots, each path having one missing turn. 

Figure 4 schematically illustrates a second winding with 4 paths, 8 poles and 24 
slots, each path having one additional turn. 

10 Figure 5 schematically illustrates a third winding with 8 paths, 8 poles and 24 
slots, each path having one missing turn. 

Figure 6 schematically illustrates a fourth winding with 8 paths, 8 poles and 24 
slots, each path having one additional turn. 

15 

Figure 7 schematically illustrates a fifth winding with 3 paths, 12 poles and 36 
slots, each path having two missing turns. 

Figure 8 schematically illustrates a sixth winding with 3 paths, 12 poles and 36 
20 slots, each path having two additional turns. 

Figure 9 schematically illustrates a seventh winding with 3 paths, 12 poles and 36 
slots, each path having two missing turns. 

25 Figure 10 schematically illustrates an eighth winding with 3 paths, 12 poles and 36 
slots, each path having one missing turn. 



Figure 11 schematically illustrates a ninth winding with 3 paths, 12 poles and 36 

slots, each path having one missing turn and one additional turn. 
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Figure 12 schematically illustrates a tenth winding with 2 paths, 4 poles and 24 
slots, each path having three sub-sections and each pole being formed 
from two slot coils. 

5 

Figure 13 schematically illustrates an eleventh winding with 2 paths, 4 poles and 24 
slots, each path having three sub-sections and each pole being formed 
from two slot coils. 



10 Figure 14 schematically illustrates a twelfth winding with 2 paths, 4 poles and 24 
slots, each pole being formed from two slot coils. 



Figure 15 schematically illustrates a thirteenth winding with 2 paths, 4 poles and 24 
slots, each pole being formed from two slot coils. 

15 

Figure 16 schematically illustrates a fourteenth winding with 2 paths, 4 poles and 
24 slots, each pole being formed from two slot coils. 



Detailed Description of the Preferred Embodiments 
20 In a first embodiment, there is provided a first winding Wl" with three 

phases, each phase having four parallel paths 1 WA, 1 WB, 1 WC, 1 WD (see Figure 3). 
Therefore, a=4. Only one of the three phases is shown in Figure 3. 

The paths 1 WA, 1 WB, 1 WC, 1WD are implemented as wave windings. 
The first winding WP has 24 slots 1,... 24. 

25 The first path 1WA runs along the slots 7, 10, 13, 16, 19, 22. The 

sections of the first path 1WA laid in the slots are interconnected by end connectors 
running outside the slots. In Figure 3 the end connectors run horizontally, whereas the 
sections in the slots run vertically. 
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The first winding Wl" has a total of eight poles each wound by three of 
the four paths 1WA, 1WB, 1WC, 1WD. Therefore, p=4. A pole is formed by a slot 
wound by the phase and the end connector extending to the right to the next slot 
wound by the phase. Therefore, q=l. In Figure 3, the region of the first pole PI is 
5 shown schematically for the phase illustrated. 

The eight poles form four pole pairs. Each path is not involved in 
winding one pole pair. 

The sum of the turns counts of all the paths for each pole is three 
halves. For example, the first pole PI is wound by the second path 1 WB, the third path 
10 1WC and the fourth path WD with half a turn in each case, whereas it is not wound by 
the first path WA. 

A total of three conductors are disposed in each slot, so that zjsj=3. 
The voltage-holding turns count of the first winding Wl vx is therefore: 

15 wl = ^A = 3. 
4 

A conventional winding with 4 pole pairs and q=l slots per pole per 
phase would have a voltage-holding turns count of w=4, as can be seen from the first 
example of the prior art (see Figure lb). Incorporating missing turns into paths allows 
20 fine adjustment of the voltage-holding turns count to w=3. The single path winds 
almost all the poles. In this respect the winding distribution is relatively equal. Lossy 
circulating currents between the paths are virtually absent. With a higher number of 
poles and correspondingly more paths, the winding distribution is even more equal. 



In a second embodiment there is provided a second winding W2 having 

25 three phases, each phase being formed from four parallel paths 2WA, 2WB, 2WC, 
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2WD (see Figure 4). Consequently, a=4. Only one of the three phases is shown in 
Figure 4. 

As in the first embodiment, the second winding W2 has eight poles 
forming four pole pairs, i.e. p=4. 

5 In contrast to the first embodiment, each path 2WA, 2WB, 2WC, 2 WD 

has an additional turn, the additional turns being evenly distributed over the pole pairs 
so that each pole pair is wound by five turns. Five conductors are disposed in each 
slot, so that zn = 5. Once again each pole is formed by a slot and the right-extending 

end connectors adjacent thereto, i.e. a pole is formed by one slot coil. Consequently, 
10 q=l. 

The voltage-holding turns count of the second winding W2 is given by: 

~ 4x1x5 

w2 = = 5 

4 

15 The additional turns are implemented in the manner of a lap winding. 

This ensures that the four paths 2WA, 2WB, 2WC, 2 WD begin and end at the same 
place. 

In a third embodiment there is provided a third winding W3 comprising 
three phases, each phase having eight parallel paths 3WA, 3WB, 3WC, 3WD, 3WE, 
20 3WF, 3WG, 3WH (see Figure 5). Therefore, a=8. Only one of the three phases is 
shown in Figure 5. 

The third winding W3 has 8 poles and 24 slots 1, ... 24. Therefore, p=4. 

Each of the paths does not wind two adjacent poles. Each path omits to 
wind a different pair of poles from the remaining paths. 
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The first path 3WA, the third path 3WC, the fifth path 3 WE and the 
seventh path 3WG correspond to the paths 1WA, 1WB, 1WC, 1WD of the first 
embodiment. The second path 3WB corresponds to the mirror image of the first path 
3WA about the winding axis, said path having been shifted one pole to the right. This 
5 applies correspondingly to the fourth path 3WD, the sixth path 3WF and the eighth 
path 3WH. 

Each pole is therefore not wound by two paths. For example, the first 
pole is not wound by the first path 3WA and the eighth path 3 WH. 

The second pole, which is disposed to the right of the first pole, is not 
10 wound by the first path 3WA, but is wound by the eighth path 3WH. To compensate, 
it is not wound by the second path 3WB. Consequently, the two paths winding a pole 
wind a pole adjacent to said pole differently. 

The sum of the turns counts of all the paths for each pole is 6 halves. 
Six conductors are disposed in each slot, so that = 6. 

1 5 The voltage-holding turns count of the third winding W3 is therefore 

. 4x1x6 

w3 = = 3 • 

8 

The extended end connectors of the paths in the area of the missing 
20 turns are evenly distributed over the two end windings, i.e. over both slot end sides, 
i.e. end faces. 

In a fourth embodiment there is provided a fourth winding W4 with 
three phases, each phase being formed by eight paths 4WA, 4WB, 4WC, 4WD, 4WE, 
4WF, 4WG, 4WH (see Figure 6). Only one of the three phases is shown in Figure 6. 
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The difference compared to the third embodiment is that an additional 
turn is introduced to each path instead of the missing turn. 

10 conductors are disposed in each slot, so that zn is 10. 

The voltage-holding turns count of the fourth winding W4 is therefore: 

5 

A 4x1x10 _ 

w4 = = 5 • 

8 

In a fifth embodiment there is provided a fifth winding W5 having 
three phases, each phase being formed by three paths SWA, 5WB, 5WC (see Figure 
10 7). Therefore, a=3. Only one of the three phases is shown in Figure 7. The fifth 
winding W5 has twelve poles forming six pole pairs, i.e. p=6. The fifth winding W5 
additionally has 36 slots 1, ... 36. 

Each path has two missing turns, so that each path does not wind two 
pole pairs. The missing turns are distributed equally over the poles. Each pole is 
15 wound by two half turns. This means that the sum of the turns counts of all the paths is 
two halves for each pole. The number of conductors in each slot is zjsj = 2. 

The voltage-holding turns count of the fifth winding W5 is therefore: 

c 6x1x2 . 

w5 = = 4 • 

3 

20 

In a sixth embodiment there is provided a sixth winding W6 essential 
similar to the fifth winding W5 except that additional turns are provided instead of 
missing turns (see Figure 8). As the number of conductors per slot is four, the voltage- 
holding turns count is: 
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r 6x1x4 0 

w6 = = 8 • 

3 

In a seventh embodiment there is provided a seventh winding W7 
5 essentially similar to the fifth winding W5 of the fifth embodiment, except that the 
paths are not laid out in the same way (see Figure 9). 

In the fifth embodiment, the sequence of turns and missing turns is the 
same for each path. In the seventh embodiment, on the other hand, the sequences of 
turns and missing turns of the second path 7WB are different from those of the first 
10 path 7WA and the third path 7WC. Both in the first path 7WA and in the third 7WC, 
the 4 turns are consecutive and the missing turns are consecutive. In contrast thereto, 
in the second path 7WB only two turns are consecutive, and the missing turns are 
separated from one another by two turns. Nevertheless, even in the case of the seventh 
winding W7, the sum of the turns counts of all the paths is two halves for each pole. 

15 As in the fifth embodiment, the voltage-holding turns count of the 

seventh winding W7 is 

_ 6x1x2 . 

w7 = = 4 • 

3 

20 In an eighth embodiment there is provided an eighth winding W8 

which is essentially similar to the fifth winding W5 of the fifth embodiment, except 
that each path 8WA, 8WB, 8WC has only one missing turn instead of two missing 
turns (see Figure 10). The missing turns are distributed as evenly as possible over the 
poles. However, the sum of the turns counts of all the paths is two halves for one half 

25 of the poles and three halves for the other half of the poles. The average number of 
conductors in a slot is zjsj = 2.5. 
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The voltage-holding turns count of the eighth winding W8 is therefore: 

0 6x1x2.5 c 

w8 = = 5 * 

3 

5 In a ninth embodiment there is provided a ninth winding which is 

essentially similar to the fifth winding W5 of the fifth embodiment except that, instead 
of two missing turns, one missing turn and one additional turn are provided for each 
path (see Figure 11). The missing turns and additional turns are evenly distributed 
over the poles so that the sum of the turns counts of all the paths is three halves for 
10 each pole. The number of conductors per slot is Z]sj = 3. The voltage-holding turns 

count of the ninth winding W9 is: 

_ 6x1x3 

w9 = = 6 • 

3 

15 In a tenth embodiment there is provided a tenth winding W10 having 

three phases, each phase being formed by two paths IOWA, 10WB, i.e. a=2 (see 
Figure 12). Only one of the three phases is shown in Figure 12. Each of the paths 
IOWA, 10WB has three series-connected sub-sections Tl, T2, T3, each of which wind 
each pole of the tenth winding W10. 

20 The tenth winding W10 has 4 poles and 24 slots, each pole being 

formed by two slot coils. Therefore, p=2 and q=2. For example, the first pole PT is 
formed by the wound first slot, the wound second slot and the adjacent, right- 
extending end connectors. The area of the first pole PT is illustrated in Figure 12. 

The two paths 10WA, 10WB differ from one another in respect of the 
25 turns counts of the slot coils of a pole. For example, the first path IOWA winds the 
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first slot coil of the first pole PT with two half turns, as the first two sub-sections Tl, 
T2 wind the slot coil, whereas the third sub-section T3 does not wind the slot coil. 
However, the second path 10WB winds the first slot coil of the first pole PT with half 
a turn, as the first sub-section Tl winds the first slot coil, whereas the second sub- 
5 section T2 and the third sub-section T3 do not wind the first slot coil. 

For each slot coil, however, the sum of the turns counts of the two 
paths must be the same and equal to three halves, i.e. = 3. The poles are equally 

heavily wound by each path, namely by three half turns. Consequently, the sum of the 
turns counts of the paths is also the same for each pole and equal to six halves. As the 
10 poles are equally heavily wound by each path, circulating currents between the paths 
are extremely unlikely. 

The first path IOWA winds the first slot coil of the first pole and the 
first slot coil of the second pole with two half turns, whereas it only winds the first slot 
coil of the third pole and the first slot coil of the fourth pole with one half turn. 

1 5 For the tenth winding Wl 0, the voltage-holding turns count is 

1A 2x2x3 

wlO = = 6 • 

2 

In an eleventh embodiment there is provided an eleventh winding Wll 
20 which is essentially similar to the tenth winding WlO of the tenth embodiment except 
that the first path 11WA winds the first slot of the first pole and the first slot of the 
third pole with two half turns and the first slot of the second pole and the first slot of 
the fourth pole with half a turn. To compensate, the second path 1 1 WB winds the first 
slot of the first pole and the first slot of the third pole with half a turn and the first slot 
25 of the second pole and the first slot of the fourth pole with two half turns (see Figure 



HOU03:943506.2 



071308.0489 
2001P10340WOUS 



PATENT 



13). As in the case of the tenth embodiment, the voltage-holding turns count for the 
eleventh winding Wl 1 is 

2x2x3 , 

wl 1 = = 6 • 

2 

5 

In a twelfth embodiment there is provided a twelfth winding W12 
having three phases formed in each case by two paths 12WA and 12WB. Only one of 
the three phases is shown in Figure 14. The twelfth winding W12 additionally has four 
poles and 24 slots. Each pole is formed by two slot coils. The distribution of turns per 
10 path corresponds to the distribution of turns per path of the tenth winding W10 of the 
tenth embodiment. Consequently, the twelfth winding W12 and the tenth winding 
W10 have the same voltage-holding turns count: 

2x2x3 
2 

15 

Unlike the winding W10, the twelfth winding W12 is implemented as a 
lap winding (see Figure 14). Consequently, the twelfth winding W12, in contrast to the 
tenth winding W10, essentially has only one instead of three sub-sections for each 
path 12WA, 12WB. 

20 In a thirteenth embodiment there is provided a thirteenth winding W13 

having three phases each formed by two paths 13WA, 13WB. Only one of the three 
phases is shown in Figure 15. The thirteenth winding W13 additionally has four poles 
and 24 slots. The distribution of turns for each path 13WA, 13WB is similar to the 
distribution of turns of the paths 11WA, 11WB of the eleventh winding Wll of the 

25 eleventh embodiment. However, instead of three sub-sections per path, the thirteenth 
winding W13 essentially has only one sub-section for each path 13WA, 13WB. The 
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paths 13WA, 13WB are implemented as lap windings (see Figure 15). The voltage- 
holding turns count of the thirteenth winding W13 is the same as that of the winding 
Wll: 



wl3 = 2x2x3 =6 



In a fourteenth embodiment there is provided a fourteenth winding 
W14 having three phases, each phase being formed by two parallel paths 14WA, 
14WB, i.e. a=2 (see Figure 16). Only one of the three phases is shown in Figure 16. 

10 The fourteenth winding W14 has four poles and 24 slots. Each pole is 

formed by two slot coils. Therefore, p=2 and q=2. 

The paths 14WA, 14WB are implemented as wave windings and each 
winds each pole with half a turn, said paths 14WA, 14WB in each case winding 
different slot coils of each pole. Thus the first path 14WA winds the first slot coils of 
15 the first and second pole and the second slot coils of the third and fourth pole, whereas 
the second path 14WB winds the second slot coils of the first and second pole and the 
first slot coils of the third and fourth pole. The number of conductors per slot is = 

1. The voltage-holding turns count of the fourteenth winding W14 is 

20 , „ 2x2x1 

zw wl4 = =2- 

2 
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